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DETROIT ARS-2AL
Laboratories !:ivision

Report No. 3431 (Final)

Date: 14 February 1956

PROJECT TITL1.: TEST OF P1q0IDNEL HEATERS, GASOLINE BURNING TYPz3,
FOR MILITAIZY VEIICIES

OBJECT:

To determine performance, endurance, and efficiency of the personnel

heaters, Code A, B, C, D, E, and F; check their operational character-

istics and obtain information for future comparison and qualification

tests.

SM21AIf:

This heater test consisted of five 214-volt heaters (Code B, C, D, E,

and F) of which Code C and D were identical oxcept for the igniter

resistor. The sixth heater, Code A, was a ].!-volt system.

1. Electrical test

The 24-volt heaters for running required from 2.1 to 6.2 amperes

and the 12-volt heater required 15 amperes. For starting, the

heaters required from 8 to 10 additional amperes. The minimum

starting voltage at minus 65 F ambient tenperature varied from

19 to 21 volts for the 24-volt heaters and was 1l volts for the

12-volt heater.

2. Tilt and Rotation test

At an ambient temperature of minus 65 F, Code A, B, C, and 1)

heaters ,;twted at 900 tilt with blower up and blower doim and

at 900 lgle., of rotation. Code A and F heaters failed to start

at 900 tilt wi Lh blowor (tion but :ttartd on the other 900 test
jhsitlolls.



3. Efficiency test

Under the Lust conlitions, at high heat,Code C and F heaters
attained the hightst efficiency wiiile Code A heater was lowest.
At low heat, -lode F ieater was the most efficient and Code E
heater was the least efficient. iloweve:, Code A and B heaters

did not perfonm consistently at low heat setting. The efficiency
of the heaters varied from 52.4 to 62.7 percent.

4. Cycling test

The 100-cycle test indicatad, at an abient temperature of minus
65 F, that the averwc time to "run" varied from 32.7 to 101.1
seconds. The starting current varied from 8.8 to 16.3 amperes
at 24 volts. Code A heater used 23.1 amperes at 12 volts. The
startig energy, in watt minutes, extended from 2.54 to 9.75
and the avera-o time to purge required 33 to 214 seconds. Code
B, C, m d E heaters started 100 times without a failure; Code A
heater failed b times and ode F" heater failed 13 times in the
100 trials.

5. 200-hour Cold Rom test

The heaters operated at ambient temperature of minus 65 F but
none of the hcaters would op,:ate without repairs, adjustment,
and troublus. The maximum lunrith of time without air failure
was 84 hours.

6. Vibration test

At 20 cycles and totd displacact. of 0.125", there was no
indication of major failure after 24 houra of vibrating. This
period consisted of 16 Isours of neater operation and 8 hours
not in oI)erat~on.

ONCIWSIONSI

1. Kiectrical test

The electrical te-t did not cons lat of sufficient variables to
determine tho range of current requirements for each heater.
the lo voltage tcst indicates that the heaters will Atart at
voltages belou the battery capacity at temperatures of minus 65 F.

2. Tilt and Rotation "est

Heators can b- designed to operate with the heater in the vertical
position or ho rotated with the control coponents turned 900 from
the vertical.
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3. Efficiency tu3t

Tne uffLcincy of ue heater. -. ou .)) uvaluatod fully unless
other variablo are introluced -o the tt; ho'.icver, the heater
efflcifncy can be os ii..:;h ar 6.) jer2erit aL zrnbient room temperature.

4. Cvclini ti, t

The results indicate that ida variabion of startin, characteristics
exist amonr, the heater.-.. The Code A and 13 heaters showed much
be-tter characteri'ic Lhan th(. Oode I, '>, and F neaters.

5. 200-hour Cold Rooma test

The heater. wil not oerate for 2)0 hours continuously without
maintenance and repairs.

6. Vibration test

All the heaters withsLood L1u vioration forces; however, the test
should Introduce other frcquencies and mlplitudes than those used
for the to!.

ItCOMMU)ATIONS:

For further heater UeW;t fLtih olio':n'" aldit!on0 should be included.

1. The electrical )ower "iui :|in taould include the variables
which affect Jhe t.owur -', Li i:,uL 4;uch as vehicle operating
voltacge of 2t'.1 vol6.i, ,v.,ral oient temporatures, various
combinations oC fro, :i air it,, !:* tau:;t ack pressa re, high and
low heat n:ettin;'.

2. The efficicncy t :'hoil, i.nclude tLae sae factors as in the
electrical tUb.

3. The tilt and rotation test should bc conducted at lO increments
of the maximum angle of operarion.

4. At leasL six heaters of one model should be obtained for
testing.

5. A 1000-hour endurance test should be included in the test
procedure.

6. The vibration test should be extcnded to include acceleration
forcezr to approximately 20 GIB.

J



INTRO JDCTION:

Arctic operation of military vehicles at sub-zero temperatures may be
accomplished ith the use of heating equipment. The objective of
obtaining heating equipment which is reliable, effective, and simple
introduces many problems in desirn and development.

In addition to these objectives, ease of maintenance must be considered
so that personnel wearin- arctic clothing will not be hindered in the
maintenance operation. Oompactness of the heater is another important
consideration because many of the prmenL day military vehicles, especially
those intended for combat, have Won equipped to the extent that space
is at a premium.

To approach the objective, the gasoline burning, fresh air heater seems
to be, at the present time, the moso practical solution for heating
personnel. 1lowevur, tue Lcpucifications F IL-H-3199, for this type of
heater, are totally inadequate for ile esaablislInent of performance,
endurance, mirdinum startin' requirements, angle of operation, vibration,
power requirement, etc. Consequently, heater designers have been handi-
capped in that design objectives are not known. Prior to Lhis test,
one fresh air heater was accepted for Orunance use. To promote develop-
ment of this type of heater, other heater manufacturers were induced to
sulait heaters for tests. Two of the heaters submitted for test were
the same capacity (20,000 Btu/hr) as that of Lhe accepted model. Two
were of a larger capacity; one 30,000 and the other 60,OO ]3tu/hr.

This test was initiated to obtain inConMnatiun on performance, endurance,
efficiency, and operating; ch.-ractcristics of the-e heaters to serve as
a basis for future qualification :ind acc-pmLance specifications.

T,,ST MATL-RIAL:

All the heaters for thiE t.:st ero the foi'ccd warm air, gsoline burn-
ing type of heater, usin, the vehicle Ic't,-rica] system as a source
of power. The heater produce:; heat, hy blurnlinlg gasoline mixed with air
inside a combut-tion chamber, U'iter ahich .he combustion gaes flow throug
the heat exchanger passares and to sh,. exh:aus;t outlet. As exhaust .gases
pass through the exhiu.;t chaNMer, the ven tlatinl air is forced across
the exchanger surfaces by an e lectrically powered blower to absorb the
heat.

The operation of the heaLer can Le :op:u-.4:td into three _ystems: fuel
and combustion air, ventilating; air, ani electrical com!)o.ents. The
fuel and combu.;tion systtmz con.s*sLn ol faul l'iltu-r, electrically operated
pump, a regulation and mutering valvc., combustion aiv blower and con-
bustion chamber. The ventilating syst ,o consistts of blower motor, fan,
and air pasna:o throug7h and around the heat exchatnger. The electrical

system includes a control box, Claine switch and igiLer.



The differences between the heaters are the method of corbininc the
components and the type of burner. Table I lists the components for
each heater and Table II summarizes the data submitted by the manu-
facturers.

Heater, Code

A B C D E F

Motor, ventilating blower X X X X

Motor, ccmbustion blower X X X

Motor, combination ventilation
and combustion blower X X X

Fuel pressure regulator, solenoid
valves, meter separate X

Fuel pressure regulator and shut
off valve combined X X

Fuel pressure regulator, shut off

and metering set X X X X X X

Overheat switch X X X X

Thermal relay X X

Flame detector switch X X X X X X

Relay and resistor X

Igniter resistor X X X X X

Tetirinal strip X X X X X

11anual igniter provision X

Circuit breaker in control box X X X X X X

Recirculating exhaust for
combustion air X X

Type of vapori yer (flner- Pot Pad Pad Pot Ceramic
ator brick

MAJOR IIEATLR CO ON.TS

Table I



Code Heater
A B C E F

output (Btu/hr)
Fresh Air

High 60,000 30,000 20,000 20,000 20,000
Low 30,000 i,000 10,000 9,000

Air Temperature
Rise

High rise 226 F 230 F 170 F

CFM 250 130 80 120

Fuel Consumption
(Gal. per hour)

High .8 .4 .25 .25 .22
Low .4 .214 .125 .125 .1ii

Rated Voltage 12 24 24 24 24

Power Consumption
(Watts)
Start 304 432 264 300
Running 160 144 60 60

Physical Characteristics
Length 214" 18 3/4" 18 1/2" 18"

Height 11 5/8" 9" 9 3/4" 10"

Width 8" 6" 8 1/4" 8"

Weight 28 lbs. 23 lbs. 23 lbs. 24 lbs.

HEATER SPECIFICkTIONS FROM MANIUFACTURIR

Table II

Figures 1 - 12 show each of the completely assembled heaters and break
down of the components.

Figures 13 - 17 show the wiring diagram of each heater since slight
variations were noted.

6



Fi guwe I.

Code A heaters, assem~bled

Figura 2

cde A heater, diasebled
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Figure 3

ODd. B heater, assembled

FiguZ' 4

Co.Bheaterj, disassembled

Xi anmm
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Figure 5

Cod. C heater, assembled

Cc" C htater, disassembled
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Figure 7

Code D heater, disassembl~ed
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Ode I hoater, asembied

Figure 10

COfe I heater, dUsassetubled



Figure n

Code F heater, assembled

Fimuft 12

Code F beater, disassembled
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heaters would start. The use of stora!e batteries when the vehicle
eniine is not in operation dictates that at low temperatures the
heaters constume the least power possible. The discharrc character-
istics of storage batteries nre such that the higher the discharge
current the lower the terminal potential. Therefore, the heater
which requires more current to start should be able to start at a
lower voltage.

The electrical power consumption test was not completed because of
inadequate d-c regulated power supply. However, Table III shows
the current requirements for the heater at room ambient temperatures
and without any restriction at he fresh air outlet.

12 volt 24 volts

Code A* Code B* Code C Code D Code E Code F
(amps) (aups) (amps) (amps) (amps) (amps)

Start 26.5 16.2 10.4 10.0 13.7 11.5

Run 15 6.2 2.1 2.1 2.1 2.1

28.5 volts

Start 12.5 12.2 16 13.6

Run 2.5 2.8 2.8

*Both heaters had trouble with the igniters. The test was
run later at 12 voltc for the Code A and 24 volts for the
Code B heater.

CTiJ 27!T IL UIR:1rffITS

Table III

The major item requiring current during running is the ventilating
blower motor. The mount of electrical current which is needed is
determined primarily by the type of blower. Code B heater which
required approximately three times more than Code D, E, and F
heaters has a backward tip typA of fan. However, this heater is
capable of producing a higher back pressure than the other three
24-volt heaters. This is shown in Appendix C (2ffiiency test)
in which Code B heater produced a maximum static pressure of 3.32
inches of water. The Code C heater ith the blower identical to
that of the Code D heater developed 37.0f the Code E developed
4.55, and the aode F developed 25.6% of the Code B static pressure
capacity.

The results of the low voltage start test at minus 65 F is shown
in Table IV.

16



Code A Code B Ode C Code D Code Z Code F

Minlau start
voltage 1 21 20 20 19 19

Time to run at
minimu voltage
in seconds 25 101 100 55 62 85

LW VOLTAGE START TEST

Table IV

2. Tilt and Rotation test

Tilt and rotation tests were conducted to doteu in. the anles at
which the heaters could be installed in vehicle., and to deteinlne
if cross countr7 inclines were within the operating rang. of the
heaters*

The positions at which the heaters were tested were the saimm
angles from the level position. Figure 28 shows the tilt nd
rotation angles at which the tests were conducted.

-++

-EI
TILT

4-1- C g9RrIcY4AI irl4T "

rigure Is
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Table V shows the average of 5 runs at ambient temperature of
minus 65 F which was divided into starting and purging. Heaters,
Code A, B, C and D started at all the angles; Code E and F failed
to operate at the 900 blower down position.

Time in Seconds
Heater: A B C D E F

Tilt 900 Avg. tire to fire 21 25 50 45 * *
Blower down

Avg. time to run 27 31 64 73 * *

Purge 138 73 215 338

Tilt 900 Avg. time to fire 18 30 82 52 30 68
Blower up

Avj. time to run 23 40 96 63 39 85

Purge 129 84 103 93 59 243

Rotation 900 Avg. time to fire 13 13 85 42 43 69
Left

Avg. time to run 19 17 99 57 58 85

Purge 45 73 118 93 45 241

Rotation 900 Avg. time to fire 18 13 186 50 34 63
Right

Avg. time to run 25 21 203 66 46 78

Purge 41 73 104 91 56 236

* Gasoline leaked past "he itpiter becauue no seal was
provided.

SUMV'At& OF STARTS AND PUME FOR
TILT AND ROTATION TEST

Table V

These two heaters were considered as failures at that position
because of gasoline leakage. Code E heater would start at the
angle of 600, but the maximum angle at which no leakage was
observed was 200. The maxim angle at uhich the (bde F heater
would start was 450 and the angle at which no leakage was observed
Was 50.

16



The variacions in thu Lime to run was .mall for the Code A, B, and
D heaters at 6ho four positions, uut tne Code C hoater required
approximately twice the tir~e .;:hon the heater was rotated 500 to the
rilht. Sinco the pur:- timo in,-cat-a the amount of unburned fuel
at the burner, u.ho pur!c timne is sio tabulted in the table.

The variation of purge tlme aw ench an-le uas negligible only for
the Code b heater; the other heitcrs varied much more at other
positions, ecpiecilly .;iUh tic hca!Lcr tilt,-d to the blower down
position.

The differ.nce in pur,- '4.c 1L)A cn ,ho hicatr:s can be attributed
to the typo of burner ;Ahich tho i'itter utilized. The Code F heater
required much more time to pur-o becrusc of the ceranic cone wtich
the other heaters did not use.

Efficlency test

The limitation imposed to keep -,he size of i6he heater to a minimm
affects the heat exchanger efficiency. Therefore, the efficiency
test was conducted to determin Ulu eflicioncy of the heaters to
detemine which heater was able to extract the most heat at only
one condition which will be described later. The efficiency of
the heater is defined as the hca6 absorbed by the ventilating air
divided by the heat available from tile fuel.

Since the heat exchanZor waL 6he prtmary consideration, the
electrical power reqaitred uas not included in the efficiency
measurements. The conditions of' rhe test were as follows:

The outlet pre-suro of 1ic vuntilatinr air was maintained
by tile at~ospheric pres :uro. Tihe exhaust cas restriction
was the oiLjht feou of 1.'1 daeter tubing for the 20,000
and 30,000 1tu/ihr heaters. The 60,000 Btu/hr heater
required a 21 dianoter .ub(.ng.

Voltalo at the control box was maintained at 2h volts.

'the ambient temperatures .iere between 70 - 80 F.

A summary of the results is ahotti in Table VI. The results of the
test only indicate the relationship of one heater to another. It
is believod that any change of the above conditions will change the
efficien :, ,f the heater.

19



liatur :!4at PosirAon Heoat Output Efficiency

1Btu/hr (Percent)

A High 53,350 52.4

B 11111h 2L,100 56.6

0 Hi gh 20,725 62.9

C Low 9,180 60.8

E Iign 18,075 53.7

E LoW 10,220 55.2

F itgh 20,300 62.7

F Low 8,980 61.7

S[P,ARY OF FFICI.NCY TEST

Table VI

In addition to the efficiency test, the maximum static pressure
which the ventilating blower could produce was also determined.
This was conducted to determine the possibility and the limit-
ation on the mount and size of duct work which could be
connected to the heaters.

4. Cycle test

The starting factors of these heaters at sub-zero tomperatures,
using electrical resistance wire type of ignterare the minium
time required to run, consistency in starting, and mininm
electrical energy requirement. To evaluate these factors, the
data from the 100-cycle test for each heater was used. The time
to run was measured from the time the switch was turned on to the
time the igniter circuit was do-energized by the flame switch.
Consistency in starting was evaluated by computing the average
starting time, the standard doviation and the dispersion of
starting times. The electrical energy in startine was determined
by multiplying the average starting current, the voltage, and the
average time to run. Table VII shows these factors including the
nuber of failures to start, avera.e running current and average
purge time.

20



Ileater, Code
A B C L. F

Averare time to run in
-cconds 32.7 34 .0 101.1 70.9 87.8

Standard deviation of
time to run in
seconds* 10.1 4t.2 31.1 lb.2 15.3

Avcre,e stm-ting current

in amperes 23.1 16.3 8.8 11.8 10

Average runin- current
in Lnperes 15.8 6.3 2.2 2.2 2.2

Starting energy in
watt-min. 2.54 .7 5.92 9.75 5.83

Average purge time in
sec.,ds 59 33 142 99 214

Number of fa-llures to

start 5 *'ono :one None 13

*See Appendix B for stnple calculation.

SIP7'V: O' 100 CYCLE TrST

Table VII

Tau minijin time to run A.or the five heaters was 37.7 seconds
for the Code A heater. The minimuzi standard deviation, range
of starting; time or the consistency in the time of starting was
4.2 seconds for the Code B heater. The distribution of the
starting times is shown in Figure 19.

Tlie least mount of enerpj required for ntaruing the 24-volt .
heaters war 3.7 watt-min. for the Code B heater. 7he Code A
heater, a 12 volt system, did not require a resistor 'or the
ignitcr ihAcii accounts for the ener.7 being less than the other
heaters.

Diree of Uie heaters, Code B, C, wid E started 100 times without
failure, cut the Code A heater failed to start five times; Code E
failed 13 times. The nuuber of failures was not included in the
co ,;utat.ion of the average Lime to run and the standard deviation,
since no penalty factor was involved.
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5. 200-hour Cold Room test

The heaters operated at ambient temperature of minus 65 F to
determine the operational stability and reliability. Not one
of the heaters operated for the 200 hours without a failure.
The following table summarizes the difficulties encountered
during the test:

Number of

Run Hours Remarks

CODE A HETER

15 1. Echaust temperatures were too low, therefore
another type of jet was installed. In addition,
the flame detector switch required adjustment and
the igniter was replaced.

2. Heater would not operate with changes in part (1),
then the flame detector switch and fuel filter vere
replaced.

3. After the second attempt to operate the heater for
the test, the quartz rod was found to be broken and one
of the control harness leads was found to be disconmected.

4. After the control valve was checked and found to be
all right, the seal for the filter was found to be
defective.

5. IDiscovered that an exhaust restriction was necessary
for normal operation.

6. The above work was recomnended by the company
representative.

62.5 The control valve was tapped to eliminate an air
pocket.

67 Discovered !asoline leaking from the burner head;
it was removed and silver soldered. In addition,
the thermal relay and igniter were found to be
defective. The mixing plate was replaced with one
made of a corrosion resistant alloy (Inoonel) but
the first one was not yet defective. It was noted
that a large piece of carbon formation was on the
flame detector tubc.

105 1. Gasoline was leaking from burner head.

23



Number of
Run Hours Lemarks

2. Removed carbon formation from flame detector
switch.

108 Tapped control valve

149 Tapped control valve and bled fuel line at control
valve.

168 Discovered hole in burner head combustion air
inlet tube.

it o. 5 Replaced quartz rorl of flame detector switch,
imiter, and repaiied gasoline leakage at burner
head.

CODE B

58 Tapped control vlve

68.5 Flwic ouL - r.ason unknown

82.5 1. Flame out - reaon unknown

2. Thermal relay a%- faul~y. Heater was turned off
bcause the exhiauct tmperacure was tog high; worn
motor brushes wre the cause.

110.5 Flame out - reaon unknown

116 Whiaust was restricted

136 Blowor screen was frosted causin- high fresh air
outlet temperature

168.5 Tapped control valve

179.5 Fuel line bled

180.5 Fuel line bled

CODE C

26.5 low exhaust temperature was caused by control valve

112 TWplaced combustion blower motor

183 WiLh the combustion air adapter, Lie heater would not
operate. The heat exchanger was rt placed.

24



Number of

Run Hours Remarks

CODE E

63 1. The flame out irAch occurred was probably caused
by the hole in the heat exchanger, which was
replaced.

2. The flame detector switch required an adjustment.

82.5 The fuel pump was not operating properly.

1o6.5 Heater would not restart in cold room; reason
unknoim.

CODE F

66 Replaced combustion blower motor

94 1. Vaporizer brick was heavily carboned

2. Flame detector switch tube baffle was burned

124 1. Flame out because of control valve leak

2. The overheat switch wa. faulty

126 1. Combustion blower tubing was ruptured.

2. Control valve tcIiired ndjusumicnt

3. Igniter war, dcfective

144 Flre out occurred

153.5 1. Replaced i',niLcr, vaporizcr brick, and igniter
replaced.

2. Inside of heat exchariger wa:3 carboned heavily.
Air was itse3d L,; reCovo as much as possible.

172.5 Vaporizer b rick was cnrboncd heavily.

SU4MAT [Y 01' I1EATIF FATIKES AND STOPPaMES

"IRNI 200 HOUR COLD WOGI TP:TT

Table VI)
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6. Vibration tect

The vibration test was conducted at 20 cps and .125 inch total
displacemcnt (peak to peak) to determine the ability of the
heaters to withstand the forces. The ,eatcrs were vibrated at
the above condition for ui.,ht (6) hours and then for sixteen (16)
hours while the heaLcr was in operation. 1hera was no indication
of major damage to any of the heater tested. Code A, C, and F
heaters operated without any maintenance or failure. Code B heater
required one flame sAritch adjustment because the lock nut became
loose. Code ! heater had three wire failures and loosening of the
pressure regulator adjustment screw.

No indication of carbon monoxide was found in the fresh air from
any of the heaters.

Written By:

MAX S. KOGA

Signed Byt

£

F IMKLYN BER ISOAN.

Reviewed By:

MLARk2iCE W. BANTON, JR.V

Acting Chief,
Climatic Laboratoz$

APPACOVED BYt

GEORGE . TUTTLE
Major, Ordnance Corps
OIC, Laboratories Division
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TEST PRUOGRAI

TITLE: TEST OF PERSONEL :1MTIhRS, GAJOLIIV--iiUAIG TYL, FOR
MILITARY VLHICLES

OBJECT:

To determine performance, endurance, and efficiency of four
Personnel Heaters; check their operational characteristics; and
obtain data for future comparison and qualification.

OUTLINE OF PROBLE4:

The present specification for Gasoline-Burning Personnel Heaters,
MIL-H-3199, Type I, is inadequate. The requirement section does
not specify minimum performance under such conditions as low
temperature operation, corrosion resistance, operational endurance,
water-proofness of electrical components, angle of operation, etc.
The testing section does not specify test methods and detailed
procedures covering each requirement in order to determine conform-
ance with the specification.

With more manufacturers becomninL interested in supplying the
Ordnance Corps with heaters, it is urgent that all presently avail-
able heaters be tested to provide irforaation which will serve as a
basis for future qualification and acceptance specifications.

EQUIPI-ZENT:

1. Cold room facilities with tempo-rature range to -70 F
2. Personnel Heaters (Code A, D, C, and D, three manufacturers)
3. Test stanils, fuel suppiy containers, and variable voltage D-C

electric power
4. Air flow equipment
5. Tilting table
6. Vibration machine
7. Balance scale
8. Voltmeter and ammeter
9. Thermocouples and potentiometer
10. Vibration pickup and meter
11. Velometer

PRELII1NARY INSPECTION :

Conduct a preliminary inspection of heater to determine the following:
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PRELIMINARY INSPECTION (CONT'D):

1. Weight
2. Length
3. Width
4. Height
5. Rated voltage
6. Rated Btu/hr
7. Rated starting and operating current
8. Blower motor type and horsepower
9. Rated fuel consumption

10. Rated heat output
11. Rated C.F.M. Combustion and ventilating blower

TEST REUIREWTS:

1. Tests on the heaters are to be conducted in the following order:

a. Electrical
b. Heating efficiency
c. Tilting (maxima angle)
d. Cycling (OFF and ON operation)
e. Continuous operqtion
f. Vibration

2. Temperature

The above tests are to be conducted at room temperature of 80 F,
±15 F unless otherwise specified. Tests conducted in the cold
room will permit sufficient cold soaking time before starting test.

3. Use Gasoline, Automotive, (Combat) MIL-G-3056, Type 80, for fuel.

4. Position the heaters with the longitudinal axis level with the
horizontal and without any rotation around this axis unless other-
wise specified.

5. Use a constant voltage source with the rated voltage at the heater
and leads of 72 inches, unless otherwise specified.

6. Prior to each test the heaters are to be completely disassembled
and inspected visually. All accessories such as the pump, control
valve, flame detector switch, ignitor, etc. are to be checked
according to manufacturer' s specifications.

7. All electrical and fuel leads to the source are to be separate for

each unit.

8. Maintain a chronological log for duration of each test.

9. Note any design or operational deficiencies and photograph if
possible.
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TEST PROCEDURE:

Phase I, Electrical Test

1. At roim temperature, determine the voltage drop and current
requirement of each electrical component at all the variable
electrical conditions, such as high and low heat, starting

and running.

2. At room temperature, deterraine the effects of 28.5 volts on
the electrical components for 24 volt heaters and 14.25 volts
for 12 volt heaters.

3. At -65 F to -70 F determine lowest voltage at which the

heaters will start and operate.

Phase II, Heater Efficiency Test

Determine the heater efficiency by obtaining fuel consumption,
air flow, and air temperature.

Obtain and record the following data:

1. Fuel

a. :1eight fuel consumed during the run
b. Length of tie
c. Te;aperature of fuel at source
d. Heating value of fuel

2. Air and Exhaust

a. Inlet and outlet ventilating air temperature
b. Inlet coidoustion air temperature
c. E xhaust teuiporature and pressure
d. Veritilatint air blower speed
e. Air flow from heater outlet
f. CO content of ventilating air

Phase III, Tilt Test

Conduct this teat at ambient temperature of -65 F to -70 F
with the heater on a tilting table.

1. Determine the maximum starting angle when the heater
is rotated around its longitudial axis clockwise and
counter-clockwise.

2. Determine intxiinuin running angle when the heater is rotated
around it. longitudial axis clockwise and counter-clock-
wise.
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TEST PROCEDURE (CONT'D):

3. Determine maximum starting angle when the longitudinal
axis of the heater is tilted above and below the hori-
zontal.

4. Determine maximum running angle when longitudinal axis
of the heater is tilted above and below the horizontal.

Record the following data:

1. Temperatures

a. Ventilating air inlet and outlet
b. Combustion air inlet
c. Exhaust
d. Case temperature

2. Electrical

a. Voltage
b. Starting current
c. Running current
d. Purging current

3. Time

a. Starting time
b. Ignitor time
c. Purging time

Five successful, consecutive starts or trials will be
considered as satisfactory at the maxima angle of rotation
or tilt of the heater for starting and running.

Phase IV, Cycling Tests

Conduct this test at ambient temperature of -65 F to -70 F
for 100 cycles. Each cycle shall consist of starting the
heater, running the heater for 15 minutes, purging the heater
and cooling it for 1 hour and 5 minutes. Record the sams data
for each cycle as specified in Phase III.

A-4



TEST PROCEDURE (CONT'D):

Phase V, Continuous Operation Test

Conduct this test at ambient temperature of -65 F to -70 F
for 200 hours of continuous operation. Record the sam data
as specified in Phase III, and in addition, weigh the combus-
tion chamber before and after the test. If possible record
the outlet velocity of the ventilating air.

Phase VI, Vibration Test

Vibrate the heater at 20 cps and with a total excursion (below
and above the mean axis)of one-eighth inch for 24 hours in 8
hour periods. The first 8 hour period shall be conducted with-
out operating the heater. The last 16 hours shall be conducted
with the heater in operation. The heater will be inspected
after each 8 hour period. For the last 16 hour period record
data as specified in Phase III, and also record 00 content of
ventilating air.

CONCURRED BY: 'dritten By:

Robert W. Kos Max Koga /

APPROVED BY Reviewed Byt

7"Major, Ord Corp. Chief, Low Temperature Lab
Director, Comp Lab Div
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EXAMPLE OF STANDARD DE.'IATIOTI: C.ACULATION

s acJ2 2 -d2 md- M fd
n

sa standard deviation
c . common difference
f • frequency
d - deviation from reference point of each item

in multiple of c
n = number of items
md  mean of all deviation
xo  reference point

x f d fd fd2  n=100

26.5 1 -3 -3 9 c 2

28.5 9 -2 -18 36

30.5 14 -1 -14 14

32.5 26 0 0 0 a- 2 'U 4--476

34.5 27 1 27 27 a a 2 x 2.102 a 4.20

36.5 12 2 24 48

38.5 7 3 21 63

40.5 1 4 4 16

42.5 1 5 5 25

5o.5 1 9 9 81

58.5 1 13 13 169

F. o0 68 488

1/n .68 4.88
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LkBOATO1IILS DIVISION
Develoanent and 1,gineering Department

DETW)IT AZ3ENAL

FOPJ4 B

Date: 26 May 1952

SUBJECT: Report of Performance Tests for Five Personnel Heater Assemblies

TO: Low Temperature Laboratory - Attention: Mr. Ray Brozek

Material received on Job Order No. 6048 was tested as described in

the Test Procedure, with results as follows:

A. Purpose:

1. To detonaine the heater performance (air toperature rise,
air delivery, fuel flow, heat output, efficiency, and power
consumption) of heater assemblies A, B, C, E, and F.

2. To determine the static pressure developed by &,he heater
ventilating air blower at zero air delivery for each heater
assembly tested.

B. Rosults and Conclusions:

The test results obtained nro summarized as follows:

1. Heater Performance:

Heat Temp. Air Fuel Heat Power
Heater Rant;e Rise Flow Flow Output IBf. Consumption

OF cfm cc/imn btu/hr watts

A high 263 285.5 48.8 53,350 52.11 198
H high 273 1346 23.5 28,100 56.6 114
C high 217 126 15.9 20,725 62.9 48
C low 88 116.5 7.33 9,160 60.8 4e
E high 221 108 16.6 18,075 53.7 60
E low 116 101.5 8.61 10,220 55.2 60
F high 172 146 15.4 20,300 62.7 60
F low 70 138 6.92 8,980 61.7 60

For more detailed results, reference may be made to Table I.
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2. Static presaure developed by the heater ventilating air
blower at zero air deliverys

Heater Static Pressure
(in. H90)

A 4.07
B 3.32

C 1.25
Z 1.148
F 0.85

Approved by# Rported by,

Chief, Power Plant Laborato7



TEST APPARATUS:

1. Plenum chamber, 2 feet ,, 2 feet x 4 feet, covered .;ith 2 inches of
fiber glass insulation (Figure lc)

2. 2 inch diameter :3ureau of 3tandards typo nozzle

3. 3-inch diaueter rureau of Staniard tye noz3le (Fi.ure 1c)

4. 9 inch diameter outlet duct, 9I4 incYs long (.Igure 2c)

5. Auxiliary exhauster installation, consistini of ventilating fan
assembly, Ordnance Number 7722221 ('Figure 2c) rith control damper

6. Fuel tank, 2 gallon capacity (Figure 3c)

7. Skinner purifier filter, 11odel N!o. 473441, Skinner Company (Figure 3c)

8. Fuel pump, 12 volt, Ordnance No. 7354018

9. Fael pump, 2[ volt, Ordnance :!o. 7354014 (Figure 3c)

10. Glass flask - capacity approximately one quart (Figure 3c)

U. Miscellaneous copper tubin-, valves, and neoprene hose (Figure 3c)

12. Scale, Toledo Scale Compouy, !odel 14o. 860999, range 0 - 5 kilograms,
I gram sensitivity (irurc 3c)

13. Stop watch (Fir,7re 3c)

14. Brown Potentiomotoa, Serial No. 541153, forty-eight stations, range
-100 to 600 F (Ficuro hc)

15. Pyrometer, HIoskins Thernmo-'Qectric, Serial No. 25028, range 0 - 2000 F
(Figure 4c)

16. Air temperature, seventeen Lhennocouales (eight ith, and nine without
radiation shields)

Fuel temperature, one thenrocouple

Exhaust gas tomperature, one thermocouple

17. Two piezometer rings with .040 inch diameter static pressure holes
spaced 6 inches apart

18. Piezometer rin- with four 0.040 inch diameter static pressure
holes equally spaced
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19. 8 ce-E of' 1 1/2 inch dia,=ictnr 2lexible c au-t .iibing

20. 8 fect of 2 inch ditr flexible exhaust tubing

21. Two inclinomieer2 , r;,,e 0 to 6 incihes "20 (j.A.;ure 4c)

22. Inclined draft cube (Fifure 40)

23. Variable resistor, carbon pile, Laboratoi7y No. CL-7264 (Figure 4c)

24. Voltmeter, Laboratory !o. ,L-7094, range 0 - 30 volts (Figure 4c)

25. Voltmeter, Laborator no. 11-7580, ranrge 0 - 50 volts (Figure 4ec)

26. Anmeter, Laborarory '!o. CL-711h, range 0 - 100 anperes, with
shunt (Figure hc)

27. Converter, a-c to d-c, Laboratory No. CL-199950 (FiCgure hc)

26. Storage batteries, 6 and 12 vols

29. 21t-volt -owor supply

30. Psychrometer and baronetcr

TEST PMCEMIWJ!r:

The test apparatus u-as set u,) ns shown in :irure 5c. It consisted
essentially of equipment Lo re-ulaL- and mcas ,re air flow through
the heater, to obtain air teareraLur,, rise throui the heater, and to
determuine the fuel flow.

Air Flow - leasuriment ,nd ::ula.i,:

The heater assciably wa- mounted to the front plate of the plenum
chanber (,,-*gure 6c). The air was forced into the plenum chamber
by the vunt..ladn,' air blower ot the huantr assunbly, passed
throurh t e plenum chuarber, nozzl., ri the outlet duct, and was
discharzed into the awtospheru by Lhe auxiliry exhauster (Fig,. 5c).

With tlih heater o.erain!, Uhe air flow of the auxiliary blower
was a(Ijuuted by ncann ol the danpiaer asnsebly Lo obtain atmospheric

pressure at the haletr outlet ins;ide the plenum chamnber (as
indicated by the inclined draft Lube shown in 'j-,ure 5c). This
condition simulnted heater uperation at "free delivery"; that is,
the heater dinchiarr:;od directly into the atmosphere iAithout over-
comin the rc.-;triction impo6Qd by nuy externail duct uyst n. Any
.such oxternal luct : ystin ,,3ou1d dOcaa1: 3e hu air delivery of the
he~tt.-.



The air delivery of the heater was obtain I by measur1n the
pressurc drop across a Bureau of Standards type nozzle (as
indicated by inclinometer 17o. A, Fi-ure 5c). A sixteen mesh
screen was placed twelve inches upstream from the nozzle in
order to diffuse the air discharged by the heater, and obtain
a more suitable air flow pattern ahead of the nozzle.

A two inch diameter nozzle was used for all the heaters tested
with the exception of Heater A. The increased air delivery
(288 cfm versus average 130 cfm) necessiltatad the use of a
three inch diameter nozzle.

The method used to calculate the air flow from the observed

pressure drop across the nozzle is described in Appendix C-1.

Determination of Air Temperature Rise through the Heater:

The inlet air temperature of the heater was obtained as the
average reading of two Lhermnocouples placed approximately one
inch upstream of tle heater ventilating air blower.

The heater outlet temperature was obtained by a series of three
grids of four theniocouples each (Figure 5c). Two of these
grids (each equipped with four shielded thermocouples) were
placed 6 inches and 12 inches, respectively, downstream from
the heater outlet. On each grid, the thermocouples were placed
directly in the air streaii discharged from the heater. The
third grid (with four unshielded thermocouples) was installed
approximately three inches downstrem of the Bureau of Standards
type nozzle.

The averae air temperature, obtained with the grid located 12
inches downstream from the heater, was used as the heater outlet
air temperature for all tests with the exception of those con-
ducted with Heater A. For Heater A, the average air temperature
obtained for the 7rid downstream from the Threau of Standards
type nozzle was used as the hoater outlet air temperature.

Determination of Heat Output:

The heat output of the heater was determined as follows:

Heat output a air delivery x air specific heat x air temperature rise
(btu/hr) (lb/hr) (btu/lb OF) (OF)
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The air dUiv,-j (lb,/ihr) " , obtai.r.-i ac tie oro:i,,ct of the
air filov. (efin), c alculated i'r):' t: e ,r-urI uro) acr.oss a
0r~eaul or *:.-a-, -i y.m, no.zzle , -nil c : dnriy (ib.0/ca.ft).

T,te air coucific :,-.t ac 'Q'. ont *rzurt . calcuta ted, making
allwan: for .!,v. ,,f: r vapor )rc.,cn6. Iiz.- -Ur tTir 'm) rure rise
wa.& obtained a. i-.h ,ifferunce of Lh,- ob:;zrvad inlc. and outlet
air Umr)nrrn .ur --. "'or t!,c '0.Ilod calcuil,-bons of 'Uhc heater
output, re±,'ace ,n:' uo mu' to 0-1.

Measururnent of "el Con Uf)n:;Ioa:

A schematic :Aktcii oL Le fu,-2 ,n,-::urLn-, zyqtcm - shown in
Figure 7c. ,Plu u; zu.' )lId c-o tiu. hcner o. one of two sources
a fuel t.-nk or a :lz.1lc±-k; ai~h,-r oource coald bo connected to
the heater fuel line by .acan., of a stop cool. and needle valve.

To measure the fuel consation, Cuel -*a.s rp.,lied to the heater
from a ela:s fla:,k *laced on a ?hc. ihe fulc consumption was
calculated ;.rom rhi ih'i-cord.hd UL-u recuired to burn a definite
weight of fuel.

The fuel tempera ture ma observed by fians of a thermocouple
located at the junction of .ie Cu l s;upoly line to the heater.

Determination of HcnaWer . fficincy:

The efficiency of tzt. 4-vtur acso.ably was obtained as the ratio
of the heat output (pa- e !) o Une heat input supplied to the
heater by the -'Inl.

The heat input by tha fuel (btu/iir) was obtained as the product
of the fuel conctu.ption (lba/nr) and the heating value of the
fuel (btu/lb); the latter wa:; obtAined by an adiabatic calorimeter
(AWendix C-2).

Measurement of nchnust Condition:

All heater tests were conducted with eight feet of 1 1/2 inch
diameter flexible hose connected to the heater exhaust with the
exception of Iloator A. The large exhaust oZ the latter necessi-
tated the use oi eiJht feet of 2 inch diaseter flexible hose.

The exhaust back presauro at the heater outlet was observod by
inclinmeter B (Figure 5c). The exhaust gas temperature was
measured by a thermocouple placed two inches below the pressure
tap in the flexible hose.

c6



Measurement of 1i ater ?o.;er Consumption:

The power suppiIy circuit is siown in .iirc Cc. Tae power
consumpLion of the heater a-sbl. was deLermined as the
product of the obs-orr.,c vol~a:r ,.aa curront.

Tects Performed:

A. Heatcr Performance

The perforraance at "hirh heat" and "low heat" was obtained
for five heaters (Code Numbers A, B, C, . and F), foflowing

the procedure as deocribed above. A s ui.e of the readings
taken and the calculations of the neater performance is given
in Appendix C-l.

B. Static Pressure of Heater Venilating Air Biower at Zero
Delivery

Tests were performed to letennine the maxcmum static pressure
developed at zero delivry by the heater ventilating air
blower.

zero delivery was out.anod by reiovin, the air outlet duct
(Figur le) and calin the outlet of the Bureau of Standards
type nozzle. ..i!, he heater ventilatin- air blower operating,
but without sup:))yinl iuul to the heater, the maximum static

pressure produced in chn, plenum chamber was observed. The
observed static prc~Lure values were corrected to "standard
air" (0.075 Ibs/cu. ft. air density) as follows:

Corrected .tatic Prosoure (In. 10) = observed 9tatic Pressure

(In. !120) x 0.075
Observed Air Density (ibs/c-uft)

RLSULTS AND DISCUSSION:

A. Heater Performance

The results of the performance tests conducted with Heater A, B, C,

E, and F are swmu,ized in Table I.
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i[eatc:r C:

A condense. zw-muri:- of the performance test is rven below:

icoat Inlet Temp. Air Fuel Heat
Date Range air :)ise Flow Flow Output 1f.

o r F cfW cc/m btu/r %

26 .r hich 76 217 125 16.0 20,600 62.L-
9 Apr high 81 217 127 15. S 20,850 63.11

25 Mar low 86 94 116 7.10 9,680 66.2
9 Apr low 87 62 117 7.56 6,680 55.5

The tes, acciracy of the various itms, listed in the above
table is estiErated to bc a; follns:

Temperatura ;iffer,;nce variauion _ .

.kir flou 1

Fuel flow _ 1

Heat output _ 2.5%

Eficiency £ 3.1
These test accuracies ar,. also p)plicable to the performance
tests concucted ith ,;eatcrs A, rq, ?., and F.

The condensed muiwary in!icaLcs that the t a values obtained
for heat output (20,(O nnd 20,u;j btu/hr) end the correspond-
in efficiency (02.4 and 63.h'k at "hish" heat are well within
the estimated tes, accuracy. !lo.,!eo r, the variation of heat
output (9680 end 86[O bttx/ ) -nd the correspoxidin: efficlency
(66.2 and 55-5-1 obtained for Lhe two tests coniucied at "lou'
heat are not Athin the c.Linatcd Lca~t accuracy. I j.:;
believed that the observod chane in ih eat out., '-i : r~d the
efficiency is due to 6he variation in fuel flow (7.1t mui

7.56 cc/l n).(



Heater F:

A condenscd cummary of the ,erformancc test is 7ivan below:

Tieat Inlet Tcmo. Air Fuel Feat
Date Rvr~e Air Rise Flow .loll Output E:f.

OF OF cfi cc/min btu/hr %

27 Mar high eo 172 i46  15.4 20,300 62.7
27 Mar low 7C 70 138 6.92 8,9EO 61.7

Prior to conducting tests on this heater, a new firing head
was installed, because the one furnished uith the heater
assembly failed to support combustion.

Heater B:

A condensed summary of the perfonuance test with "high" heat
is ,iven below:

Heat Inlet Temp. Air Fuel Heat
Date Pange .ir P1 se Flow Flow Output Elf.

OF F cfm cc/min btu/hr %

10 Apr high 7h 273 1h6 23.5 28,100 56.6

The fuel regulator orisinally furnished with the heater assenbly
did not function properly, thus causing irregtlar fuel flow at
both "high" and "low" heat. A new regulator was installed
prior to conducting the performance test listed in the above
table. The now fuel reguir.tor eliminated the fuel flow irregu-
larities at Rhieh" heat; however, variations "n fuel consumption
as high as 2hJ were still observed at "low" heat. It was,
therefore, impossible to conduct satisfactory performance tests
at "lown heat.

Heater E:

A condensed summary of the performance test is tiven in the
table below:

Heat Inlet Temp. Air Fuel Meat
Date Range Air Rise Flow Flow utput isf.

OF ?O cifm cc/min btu/hr
2 Apr high 82 229 108 17.8 16U,5 5o.9
h Apr high 74 212 108 15.3 17,650 56.5
1 Apr low 80 118 102 8.53 10,04 53.6
4 Pr low 75 114 101 8.68 10,100 56.F

In order to determine the cause of the observed variation i
fuel consumption (16,) at "high" heat, the fuel regulIntor
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arsnmbly was rcmoved from the h'c ,r case nnd connected
to the 2),-vol. siupply circuit. Pftcr n one hour test run

the fuel regulator hfu.in r~ac>.ed a t,14?ocrature of 150 F.

This indicatri uha, the fucl flow variaion at "high" heat
may have been die to vapor lock.

Heater A:

The condensed swripry of Lho "i(ijh" heat pcr7oi7nce test
is rivcn below:

Heat Tnle t Tcap. Pir Fuel Heat

Date Ranre Air idisc Flow Flo1 Output Eff.
OF OF cfm cc/i.ain btu/hr %

12 jpr high 75 249 288 48.2 52,200 51.9
14 Apr hir:h 7M 277 283 49.4 54,500 52.9

After the tem conducted on 12 April, i. was necessary to install
a new ventilain, air blower motor; the bearing located on the
combustion air fan side failed (1iure 9c).

"Low" heat operation could not be obtained uith the fuel
regulator ori'inally Durni shied with the heater. A new fuel
regulator was inctallud; no,4ever, "low" heat operation was

still impossible.

B. Static Pressure of 1cator ,1t.Jnt1]a ,in, Air Blower at Zero
Delivery:

Vic table be)ow ;unmwrr l, ,es, 'or each heater tested, the

static ore-sur,: ac vcoped b', the vtmtilating air blower
at zero dclivvr'y. e e pressure values are corrected to

"standard air" (0.07 lbs/cu.ft air density):

Wloater Static Pressure
(in. 11,0)

A 4.07

B 3.32

C 1.25

E 1.48

F 0.85

C 10



INCIOSURES:

1. Table T - Sumxrsary of Tc-t iksult

2. FigMro lc - Personnol Heaters, Gasoline Burning Typo. Test Set-up,

Plenum (3hamber -nd Nozzle Installation (Neg. No. 30588)

3. Figure 2c - Personnel Heaters, Gasoline Burning Type. Test Sot-up,
Plenum Chamber, Outlet Duct, and Auxiliary Exhauster
(Neg. No. 30587)

4. Figure 3c - Personnel Heaters, Gasoline Burning Type. Test Set-up,
Equipment for Measuring Fuel Consumption (Neg. No. 30585)

5. Figure 4c - Perisonnel Heaters, Gasoline Burning Type. Tast Sot-up,
Instrumentation (Neg. No. 30584)

6. Figure 5c - Schematic View of Test Set-up

7. Figure 6c - Personnel Heaters, Gasoline 'urning Type. Test set-up,

Heater Installation (Neg. No. 30586)

8. Figure 7c - ;chematic View of Fuel Ileasuring System

9. Figure 8c - Marm of Power Supply circuit

10. Figure 9c - Personnel Heater. Gasoline Burning Type. Code A.
Heater Combination Ventilatin' and Combustion Blower
Notor, showing Failed Bearing, during rfficiency
Test (Neg. No. 30437)

Appendices,

C-1 - Sample Calculations for Uoaier Perfomance Test

C-2 - Fuel Analysis Report
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APPENDIX C-i

Sample cal~culations for heater perfonuance test



S4;1:ITL CALcCtUTT0US

FOL{H?~OLA TZ.;'TS

HEAT2I A "HIGH TEAT"

For the complete Let of observed data, reference m y be made to the sample
data sheets, pages 6, 7, and L of this Appendix (c-I)

Determination of Air Flow:

1. Mixture density at the nozzle

P s "Pw " (Pb - Pw) (td - tw)

ps water vapor pressure at inlet conditions (In. hg.)

Pw "water pressure at wet bulb temperature (In. Hg.)

pb -corrected barometric pressure (In. Hg.)

td " dry bulb telmperature (F)

t w - wet bulb temperature (F)

Ps a 0.4052 - (29.11 - 0.4052) (68.5 - 53) a .2422 In. Hg.
2bUo - 1.3 (53)

we = 0.622 Ps

Pb - Ps

Ws - weight of water vapor per lb. of dry air

WS = 0.622 0.2422 0.00520 lbs water vapor

29.11 - 0.2422 lb. dry air

pm = 1.326 (Pb - 0.378 ps
460 / tn

mixture densii.ty at tho nozzle (lbs/cu. ft.)

t n  temperature at the nozze (F)

U6 = 1.326 (29.11 - 0.378 x 0.21t22) 2 0.0475 lbs/cu. ft

460 ! 351

Inclocure C-i



2. Volume of air flow

Q 1082 A p/-

Q = volune of air flow (cfm)

1062 =nozzlc cocfficicnt

A = area of Bureau of Standards type (sq. ft)

Pd = prcsurc drop across the nozz.le (In. H20)
0 = 3082 x )2 1.35 283cf

3. Wei~ht of air fluw

Wa - x 11-

wa =ecit of air flow (1b::/ hr)

: 2U3 x W) -" O ,T = I, O ih;/hr

Tltcrmination of eat ut:it:

1. Specific heat of Jry ar

(Cp) a = 0.2U.12 $ o.OOOJOt

(c,~) , tic h,'Lt of dry dr ;,t, cocant pressure(e)a (btu,/ . ",'

t :m _n :.,i:rturO Of inioe andi outlet air (F)

(Cp)a 0.2h3l" $ 0.020009 (2.3) = -).)30)1 btu/ib.F.

. Specitfic h.,b o" .attr vapor

(CP) I 0.jW:23 $ 0.000018t

(C) :spcCific h at. of water vapor at constant pressure
P v (btu/]b. F.)

(Cp)Wv = ,).H:23 / o.D )00 1 - (21 ) 0.hh613h btu/lb. F.

c-i2



3. Soeciric hutc. of %i-r-.!rU v m;ci xtUiC

Cl) (Cij)a (c -,)

cp) sp(cuic ii au. of i-;t'1 vorp-r !.!ixtui'c at constant

prconurcm (bLu/ib. F

W . = w U166 of ,Yit~r vn.Io * pr ib. Lyair

cp 0.21430h. / (.UOf)2) (.44613)-) =.2ld~l btii/lb. F.

/ 0.000 -;

ij. Heat output

H X W x c x (to - ti)

H z hieat. outPut (btu/hir)

Wa z wecit of air f low (lbc/ur)

to outlet air tc fl1'hvit1Aur (1-)

tj in3cL air t;.Inp-. La':!A:- (F)

H =606 x O.2hhl x (31;J - 74)~ 0C btu/hr

%~tervination of 1ucl Vi ow:

1. wecight of fuel ;low

if x 3();)J ;.c x .2*' b

w;. eighlt oi'f Lul flow (IbL;/hr)

w aweight of fuel f low (rms)

t=time to burn iw.glht or fuel flow (see)

Uif 50 x 3630 x 0.O2?.)5 = h72 lbs/hir



2. Vohune oj'i'lud~i flow

V- x0 x x 1

V =volui:lc of 1v-i 'low (cnn

s~.= dpoclfic -:r:rvity of-' fij ul (v rr'r.jcc)

Trhe spz-cif.lc rrc.vlty o' ILic; fiel (0-72L- wiith respcuct to
water at W ) wuiz with a 1iydrornc'tL,-r for a fuel
tunrpcratur, of &J 7'. IHowrvcr, the actual luel tcmiperature
obLerved during ',lie test wa.,; 03 F. The correction of
spccif ic f raviLy for tho Lei' -cratu±'u change (60 F to 80 F)
would decrca--e the , )C.c1ifc gravity approximately 1,11). This
chang-e wa-, coaiIdd±'.c i insi-;ificant and Lherefore neglected.

V z 50 x 60 x 1 lic.I cc/w-in

Determfinlation of Ileatdr -fT.0cicy:

IIficiency =heat output = Hunt output
heat in.)ut x HV

Lf=weight of fuiel flow (ii.;ix')

heati'n:- value of ',ho fuel (btu/lb) (Appcndix C-2)

Efficiency 54~j,5,u

Det-mr.ination of Po.er Commxil Lion:

poweor (watts) =volua':,e (volts) x current (anps)

Power =12 x 16.5 2 M watts



HEATER A - EFFICIENCY TEST

HIGH HEAT
Date: 14 April 1952

Start Finish *Ist Grid - TC 0,5,6,7
Time 1500 1900 2nd Grid - TC #8,9, 10, 11
Barometric Pressure 29.09 29.13 3rd Grid - TC #12,13,14,15
Wet bulb temp. 53 53
Dry bulb temp. 70 68

TIME VENT AIR COMB.
IM AIR AIR OUTLET TEOPMTURES

TEP.

1 2 3 4 5 6 7 8 9 10 1] 12 13 14 15

1600 71 71 - 31 319 310 404 335 330 330 361 346  347 347 346

16O 71 71 - 314 316 308 396 337 330 33 359 35 4 3A4 3

1620 72 72 - 313 319 310 399 336 30 .329 358 345 344 34  34

1630 72 72 - 313 323 310 400 336 331 331 357 346 37 346 345

1645 72 72 - 314 321 308 402 336 331 329 360 347 348 348 348

1700 73 73 - 314 320 309 400 336 330 328  359 348 347 348 348

1715 74 74 - 310 322 308 401 332 328 328 358 346 345 345 345

1730 74 74 - 312 326 309 404 334 332 330 355 347 3146 346 347

1745 74 74 - 316 328 313 407 337 335 334 363 350 351 351 351

1800 74 74 - 319 328 312 408 338 336 335 364 352 352 352 352

1815 74 74 - 319 327 312 408 340 336 334 366 352 353 353 353

1830 74 74 - 319 326 312 408 3 336 334 364 351 351 351 351

1815 74 74 - 319 326 312 407 341 336 334 365 351 351 351 351

1900 74 74 - 318 325 311 407 340 336 334 364 351 351 350 351

eSee Figure 5c

c-i
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HEATER A - E'pl'aCY TEST

HIGH HEAT

NOTE:
Temp. in degrees F
Presmwe in inches

of water

All VINT BrOM MMM FAN AUX.
_M UHAUST GAS ISMAM PRESS. SPEE BW M
Temp. Time Weight Temp. Pressure TeW.- Pres8. 7Tj np VOLTAGE
16 Sec. Grams 17 18

714 9140 .37 132 0 12 16.5 1.30 - 27

73 930 .37 132 0 12 16.5 1.33 - 27

74 940 .37 134 0 12 16.5 1.32 - 26

74 85 50 950 .37 134 0 12 16.5 1.32 - 26

76 85 50 950 .38 137 0 12 16.5 1.36 - 26

76 86 50 940 .37 137 0 12 16.5 1.36 - 26

76 88 50 940 .37 136 o 12 16.5 1.36 - 26

76 85 50 940 .35 137 0 12 16.5 1.36 - 26

77 83 50 950 .36 1I 0 12 16.5 1.35 - 26

77 84 50 940 .35 311 0 12 16.5 1.35 - 26

78 940 .35 142 0 12 16.5 1.35 - 26

78 85 50 940 .35 142 0 12 16.5 1.35 - 26

78 85 50 930 .35 142 0 12 16.5 1.35 - 26

78 84 50 930 .35 Ii 0 12 16.5 1.35 - 26

C-i
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iJ. 2 'I. 3rd AtRis :22t2 AEuLI ISE
h~t 2nd1 3rd At 1st At 2nd At 3 rd

TIUZ IILLT G'C! 1) GDrD 1T T)[D G.ID GRi D
OF  OF  o 0 oF  OF

1600 71 337 339 3)6.5 266 268 275.5

1610 71 333.5 33F 3hI- 262.5 268 273

1620 72 335 33U 3W4 263 266 272

163 72 336.5 339 3)!6 26h.5 267 274

1645 72 336 339 348 2611 267 276

1700 73 336 338 3)8 263 265 275

1715 74 335 336.5 345 261 262.5 271

1730 74 338 339 31,6.5 264 265 272.5

174 5  74 341 31,2 351 267 268 277

1800 74 342 343 352 26b 269 278

1815 74 31. 5 34h 353 267.5 270 279

1830 74 341 313.5 351 267 269.5 277

1845 74 341 3t 351 261 270 277

1900 74 340 343.5 351 26 269.5 277

ATVIIE T .,;;Ri'I!: : bU,,' ;.ff IH:'

ii T A - i1.[311 i riAT

(>.



APPflNIIX C-2

Fuel Analysis Rteport



LABO±IATORI LS DIVISION
Xlvelopxnent and ;r,,inecring Department

Detroit Arsenal

FOrFi B.
Date: 17 April 1952

SUBJECT: Report of Test

TO: Power Plant - 1.3n'ine Labora-ory

Material received on Job Order No. 6O48 was tested in

accordance with instructions thereon with results as

follow:, a

A. Purpose:

To determine the heat of combustion and the specific
yravity of several gasoline saiplos.

B. Sziple Data:

Five samples of gasoline, Automotive Combat, MIL-(1-3056,
Type A, were sulmitted by the Power Plant-igirne Laboratory.

C. Results:

Test results appear in Table I.

D. Conclusions:

None*

Inciosure C 2



TABI I

Sample Total Heat of Combustion Specific Gravity
- B.T.U./lb 60/60o

Heater A 21,850 0.724

Heater B 22,000 0.724

Heater C 21,630 0.721

Heater E 21,620 0.728

Heater F 22,100 0.719

* Total heat of comustion at constant volme per unit
quantity of gasoline. Final productae Ash, Oaseous
C02 , 802, and IXquid, H20.

Reported

Approved byu

ja. . -ae 0e4

Chief, Chemical S.cfion Chomical Engineer
Hateriala laboratory

C2
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'"'s 71 011061 OOIANCE DIPARTM[Nb
I Feb 50 3011 LABORATORY WORK 0101O STRO I T A a S51.

(For Use by Dev. A Eno. Dept. Only)

LTO: Chief, fibmosaLaboratories Division

Project Ingimews Robert V. go@ Ext.e 3-32222

SUBTC eater, Perweisi,

*1. Tees owe to be ocaimotod to deteamtme the dwabi11ty and praoleibility
of mobj st beeatae.

2. The followl" test. es' to be uile s per Imilosed teet progsm.

a.Vibratiou toot.
b. Tilting toot.
:. CYoling toot, 100 Wale.
d. Costimao opeatm teetp 200 bows at -.6511.

3. Pawml report In requ~aIreM =A eosenery photopepho.

VMS Inoloomed viring iagpm.

Setimte sumitted tr M. 3mue 3 h eg, Chat fLm Tmporatue M
Cmpomento Iabwetoqy Dv.

SEIAL 00.

I S'1TI WUS ' SI o EXCUMtft. QUOTE FULL 1.0. PqOJ* "C2. WCCMPLFTIOIN ICIE AND ~LT 1105. C01 ALL PROCUP[iNITS AID JOB CARDS. ,e2
'CORFLETI0R DATE 11S' I. ORDER

COOOF. LAS. LABOR ONLY Im O "Sp

LAS BR ~PSTMSAL AND! WORK EST 0. O001"

APPROVED

LAB. DIV. '"Ott_____________

004.c" CIfIr or *1 z 0 1 Clolt OF C"Iff. OV. & ta4. DEPT.



ar mi17 OUNANCII OUATINNT
Pe 0 3Wa LAIATOIY WORK 0111 hETROIT ARSENAL

(For Us* by Dow. & gl. meot. Only)

to: Chief, Laboratories DivisionS 6 November 1951
DESCRIPTION OF WORK IN DETAIL:

Project Engineert Robert U)Iq'4c. 3-1222

SUBJECTt Heater Tests

1. Teats are to be conducted to determine the durability and practicability
of the following heaters using hesater (a) as a control heater.

ao Seter, Personnel (24s volt)

be Beater, Personnel

co Heater, Personnel & legine Preheater (24i volt) 30,000 D.T.U.

do Beater, Personnel & Engine Preheater (2k volt) 60,000 B.T.U.

2o The following tests are to be imade as per inclosed test program.

a., Vibration teat.

be Tilting test.

c. Cycling test, 100 cycle

do Continuous operation test, 200 bowe at ..650 Fe

NOTE: Inclosed wiring diara

Estimate submitted by Wb. Rayicnd Brozek, Moef of Low Temperature Branch
Components Laboratory Diviion

SER IAL NO. D 0

ESTIMATE MUST NOT SE EXCEEDIO. QUOTE FULL X.0. PROJ. 10.

COMPLETION NOTICE AND PART 4OS. ON ALL PROCUREMIENTS AND Joees. TI'l..6k
COMPLETION DATE LAI. LABOR ONLY EST. E.OE

MATERIAL ANE OR E ST. E.O Oj~
LAI. OR. CNIEF OF OnTER DEPARTMENTS I___________

APPROVED

LAS. DIV. CIVIEF e

SNm CiEt OF DI VSI W NtOFI CNIEF, DEv. a too. DEPT.

_____________ Compoment Flee & Day I ________



F, ";'0 mom yi" ORONANIC[ O AlnWINMT
F b 39114 LABOIATORY WOlR ODI oETPo17 AIS4IAL

(For Use by Dev. A Keg. Dept. Only)

TO: Chief, Laboratories Division 8 January 1952
b[SCRIPTION OF WORK II DETAIL:

Project Engineer, Norwood Johnson Ext. 3-3242

SUBJECT Test of Personnel Heaters, Gasoline Burning Type for Military Vehicles.

Since the release of Lib Work Order No. 6048, two more heaters have
become available for test. One is

termed Code E. It is desired to test Code E

heater under the same conditions as Code A, B, C and D. The second heater is
modified with preheater and is designed to operate

at any angle of tilt. This heater should be run on the electrical and tilting
phases of subject Lab Work Order only. The Model is to
be termed Code F.

Estimate cost furnished by H. Wright.

S00lMl WA.I0

SERIAL s0.

tST1MATF MUST NO It EXCEEDED. QUOdT FULL I.0. P10J. go.
C014PLITIOlN NiOTICE ANDl) PART NOS. 01 ALL PROCUItn(STS A50 JOB CAiOS. -irf

CP OtLAI. LASO OI tLY I t_ _ I
_______________ M ATERIAL AND WORK EST [A. ONEs

LAO. 5R. Csifr or oTOE D(PARTMENTS

APPROVED

LAB. DIV. CHIEF u4ro f

of,,: ,4.,C CHIF OM jr oVIS,0, ',,,t, OF ,, F, ' K. a, to. oFF.."


